Bone mineral density (BMD) has been reported to be both higher and lower in Indigenous women from different populations. Body composition data have been reported for Indigenous Australians, but there are few published BMD data in this population. We assessed BMD in 161 Indigenous Australians, identified as Aboriginal (n=70), Torres Strait Islander (n=68) or both (n=23). BMD measurements were made on Norland-XR46 (n=107) and Hologic (n=90) dual energy X-ray absorptiometry (DXA) machines. Norland BMD and body composition measurements in these individuals, and also in 36 Caucasian Australians, were converted to equivalent Hologic BMD (BMDH) and body composition measurements for comparison.
differences still remained significant in men after adjustment for lean mass. It remains to be seen whether these BMD differences translate to differences in fracture rates.
Introduction
There is a paucity of published data on bone mineral density (BMD) in Indigenous Australians.
A cross-sectional study of patients admitted with fractured femoral neck (FN) at Cairns Base Hospital (North Queensland, Australia) suggested a lower incidence (or occurring at a later age) of these fragility fractures in Aboriginal and Torres Strait Islander Australians [1] .
It is notable that Canadian Aboriginal women have a disproportionately higher rate of fractures than Caucasian women [2] . The First Nations Bone Health Study (Manitoba, Canada) reported lower BMD, related to increased bone area, after adjustment for weight in Canadian Aboriginal than Caucasian women at the distal forearm, calcaneus and whole body [3] . However, differences in BMD were no longer significant after adjusting for body composition (total fat mass and lean mass), due to the relatively lower lean vs fat mass in Canadian Aboriginal than Caucasian women [4] .
Aboriginal Australians have also been reported to have more fat for a given body mass index (BMI) than Australians of Caucasian background [5] , but there are few published data on BMD in Aboriginal Australians [6] . Findings from other studies of BMD in indigenous populations internationally have been inconsistent: South American Aboriginal women had greater BMD at the femur than Caucasians [7] ; Native American women in Oklahoma had higher peak BMD than Caucasian women but the post-menopausal rate of bone loss was greater in the American Aboriginal group [8] ; a multi-ethnic study of post-menopausal women in the USA reported no difference in BMD between American Aboriginal and Caucasian women after adjustment for weight [9] .
The aim of the current study was to describe BMD in Aboriginal and Torres Strait Islander Australians from the Northern Territory and Far North Queensland, recruited as part of two studies: The estimated glomerular filtration rate (eGFR) Study and Healthy Top-Enders Study.
The eGFR Study aimed to improve eGFR estimates in Indigenous Australians, taking into account the heterogeneity in body build and body composition. The Healthy Top-Enders Study aimed to quantify body build and body composition of young healthy Aboriginal Australians (aged 17 to 25 years).
Materials and Methods

Study setting and participants
The methods of the eGFR Study have been previously reported [10] . In brief, 600 Indigenous Caucasian participants) were excluded from this analysis of BMD. Interviewer-administered questionnaires determined: cigarette smoking, alcohol use, diabetes diagnosis, self-reported fracture history. Non-fasting bloods were collected for analysis of HbA1c, creatinine and other measures [10] . Diabetes was defined as a previous diagnosis of diabetes or HbA1c≥6.5% [11] . Alcohol use was defined as any consumption of alcohol.
Fractures were coded as hip, vertebral, other major (pelvic, distal femur, proximal tibia, multiple rib and proximal humerus) or minor (all other fractures including distal arm and leg but excluding facial fractures) [12] . Methods of Healthy Top-Enders Study were the same as those above with the exception that bloods were collected fasting. The same techniques and standard operating procedure for measuring weight, height, waist and hip measurements were employed in both the eGFR study and Healthy Top Enders Study [10] . device (permanently installed in a vehicle) was transported to Thursday Island. The vehicle was stabilised so that the DXA device remained level for each scan, and a trained operator completed all scans, and analysed the results, using the QDR system software for Windows (XP) Hologic software APEX 3.0 (Hologic). As part of our quality control procedures, the spine phantom was scanned each morning prior to scanning. The coefficient of variation for BMD of the spine phantom was 0.352% (Hologic) and 0.59% (Norland). The DXA scanner used for participants in each group was as follows:
Number of participants (%) DXA was performed on the same day as anthropometry in 154 participants (78%), and within 2 weeks in all other participants.
Data Analysis
To standardise results from different DXA manufacturers, Norland BMD data (FN and LS spine)
were converted to Hologic BMD (BMDH, g/cm 2 ) using published conversion equations for the hip sub-regions [13, 14] and spine [15] . The Geelong reference ranges were used to calculate T and Z-scores, using Geelong T and Z-score reference ranges for Hologic and Norland DXA machines for women [16] , and by converting BMD measured on Hologic and Norland DXA machines, to equivalent Lunar BMD values for men before using the Geelong T and Z-score reference range [17] . The Geelong reference range without spinal abnormalities was used for LS Z-score in men [17] . Similarly, body composition measurements using the Norland DXA machine were converted to equivalent Hologic values, using published conversion equations [18, 19] . 
Results
Participants (Table 1) were stratified by gender and ethnic group. Aboriginal women were younger and had lower weight and BMI than Torres Strait Islander women, but similar waist-hip ratio. All anthropometric differences remained significant (p<0.05) after adjustment for age.
Of the 117 Indigenous participants with self-reported fracture data, 21% reported at least one previous fracture. For these Indigenous participants, no hip or vertebral fractures were reported.
The vast majority were minor fractures (75%), usually associated with trauma such as sporting injury or assault. The remaining Indigenous participants (n=6, 25%) reported a major fracture that was neither hip nor vertebral.
Body composition differences were evident between Indigenous groups ( independently associated with higher lumbar spine BMD in males after adjusting for age, height, diabetes and current smoking status, but differences between ethnic groups were no longer significant after inclusion of lean mass in the model.
There was a positive relationship between lean mass and BMDH (FN and LS) according to gender and ethnicity (Figure 2 ) in all groups, except for non-indigenous women, likely due to small sample size in that group.
Discussion
To our knowledge, this is the first detailed description of hip and spine BMD in Aboriginal and was not significant in the regression analysis of FN BMDH, when stratified by gender, this finding was significant only for men. This may well be due to higher Z-scores in women than men in the Caucasian comparator group (the reference ethnic group in the regression analysis).
FN and LS Z-scores were high (using the Geelong Australian reference range) for both
Indigenous men and women in this study. Our finding of higher BMD in Indigenous than
Caucasian Australians is consistent with: higher femoral BMD reported in pre-menopausal
Aboriginal women from Argentina [7] , and higher BMD reported in other non-white populations such as African Americans [20] . However, our finding is not consistent with the report of lower BMD in Aboriginal Canadians (compared to Caucasians), although the finding in Canadians was not at the hip and spine (weight-adjusted BMD was lower for the calcaneus and total body) and was no longer significant after adjusting for lean mass [3, 4] . Thus, BMD is higher some but lower in other Indigenous populations compared to that of Caucasians.
To our knowledge, the only report of BMD in Aboriginal Australians assessed total body BMD in 16 Aboriginal and 16 Caucasian women in Sydney [6] . That study did not assess hip and spine BMD and it is likely that these Sydney-based participants would have had a greater degree of ethnic admixture than Indigenous participants in the current study, from Darwin or the Torres Strait (ethnic origin of grandparents was not reported in the Sydney study). Our reported greater FN BMD in Indigenous Australians is consistent with the report of reduced rates of FN fracture in Indigenous Australians compared to Caucasian Australians [1] . In that study, Aboriginal and Torres Strait Islander participants were not evaluated separately, but reported as a combined Indigenous group [1] .
In the current study FN BMD remained higher in the Indigenous ethnic groups compared to Caucasians, even after adjustment for lean mass. The difference in Torres Strait Islander participants was attenuated by addition of lean mass to the model, and remained significant when genders were combined for analysis, but was no longer significant when analysis was performed stratified by gender. Torres Strait Islander men and women had greater lean mass than
Aboriginal men and women. This impact of lean mass and body composition differences on ethnic differences in BMD in the current study is consistent with previous studies [4, 9, 21] .
However, in contrast to previous studies, the ethnic differences in BMD that we have reported in
Indigenous Australian participants remained significant after adjustment for lean mass. Of note, the differences in BMD between Aboriginal Canadian and Caucasian Canadian women were no longer significant after adjusting for body composition (total fat mass and lean mass, with only lean mass as an independently significant predictor of BMD). This appeared to be due to the lower ratio of lean to fat mass in Aboriginal than Caucasian Canadian women (and the smaller increment in bone mass from fat compared to lean mass in both ethnic groups) [4] . Reports of the major contribution of lean mass to BMD include studies across a range of ethnic groups [4, 21, 22] and clinical conditions such as type 2 diabetes [23] .
In addition to body composition or BMD differences, differences in femur geometry and body build could contribute to fracture risk differences in Aboriginal Australians. Aboriginal
Australians have been reported to have a "linear" body build: narrow across the shoulders and hips and relatively long limbs and short torso [24] . Such differences in body build could be associated with variations in geometry (such as hip axis length) at the FN in Indigenous participants, which could impact hip strength and fracture risk independent of BMD, thus possibly contributing to reduced fracture rates seen in this population [1] . Native Americans have been reported to have higher BMD, higher section modulus, lower buckling ratio and smaller bending moments acting in a fall at the hip (the latter did not reach significance in the small sample) than Non-Hispanic whites at the intertrochanteric femoral region. These biomechanical differences could contribute to ethnic differences in hip fracture rates [25] .
When compared to the small Caucasian Australian group in the current study, LS BMDH was not significantly higher in Aboriginal and/or Torres Strait Islander Australians, after adjustment for key factors. However mean LS Z-scores (using the Geelong Australian reference) were significantly higher than a mean of zero for both Indigenous Australian men and women. The magnitude of elevation of mean Z-scores in Indigenous Australians was greater at the femoral neck than at the lumbar spine. The small Caucasian Australian group could have contributed to the different comparative findings at hip and spine in the current study.
Assessment of ethnic differences in BMD has recently been the subject of some controversy [26, 27] . The strengths of our study include detailed body composition assessment as well as hip and spine BMD measurement. The study also included detail of grandparents' ethnicity and selfidentification to one of the three Indigenous Australian groups of Aboriginal, Torres Strait
Islander or Aboriginal and Torres Strait Islander. The availability of DXA is limited in these relatively remote regions of Australia, thus this is an underserviced population with high background rates of chronic disease, hence the data are unique.
Limitations of our study include: no detailed assessment of socio-economic status, lifestyle and environmental factors, all of which could contribute to differences in BMD. This cross-sectional study design had relatively small numbers in some ethnic and age groups and the groups were not matched for key variables such as age and diabetes. We did not assess menopausal status, a factor which may have contributed to our finding of higher femoral neck BMDH in Indigenous men but not women (as Caucasian women were younger and therefore more likely to be pre- 
Conclusions
Consistent with a previous report of reduced hip fracture rates in Indigenous Australians, we conclude that LS and FN BMD are higher in Aboriginal and/or Torres Strait Islander Australians than Caucasian Australian reference ranges. In part these higher values were related to lean mass but the greater FN BMD still remained significant in men after adjustment for lean mass. Further studies of BMD, markers of bone turnover and related fracture rates in Indigenous Australians are required at a population level. 
